Early adversity is associated with biological and behavioral dysregulation in early childhood. We examined whether early adversity (i.e., poverty and involvement with child protective services [CPS]) had an indirect effect on externalizing behavior through HPA axis dysregulation, specifically blunted diurnal cortisol patterns. Participants included 94 children between the ages of 3.94 and 6.52 years old, who had a history of CPS involvement (n = 53) or no history of CPS involvement (n = 41). Cortisol samples were collected at wake-up and bedtime across 3 days, and parent-reported externalizing behavior was assessed using the Child Behavior Checklist. Results showed that history of CPS involvement and poverty were associated with blunted cortisol patterns, which in turn led to elevated externalizing behavior. The indirect effect of CPS involvement on externalizing behavior through blunted cortisol was significant, whereas the indirect effect of poverty on externalizing behavior was non-significant. Findings add to our understanding of neurobiological mechanisms linking early adversity to psychopathology.
INTRODUCTION
Externalizing behavior problems have been associated with exposure to various types of early adversity, including maltreatment (Cicchetti & Toth, 2005; Manly, Kim, Rogosch, & Cicchetti, 2001 ) and poverty (Ackerman, Brown, & Izard, 2004; Plybon & Kliewer, 2001; Slopen, Fitzmaurice, Williams, & Gilman, 2010) . It is critical to identify biological mechanisms that explain the link between these early exposures and later behavioral problems, as such mechanisms may serve as targets for early intervention efforts. As a key arm of the body's stress response system, the hypothalamic-pituitary-adrenal (HPA) axis has received significant attention among researchers who examine the effects of early life stress. Given evidence that (1) exposure to maltreatment (Bernard, Butzin-Dozier, The HPA axis is one of the physiological systems involved in mounting a response to threat. In addition to being produced following an acute stressor, cortisol follows a diurnal rhythm: increasing before awakening, peaking approximately 30 min after awakening, declining across the morning, and reaching near zero levels by bedtime (Bailey & Heitkemper, 1991; Schmidt-Reinwald et al., 1999; Watamura, Donzella, Kertes, & Gunnar, 2004) . Early adversity disrupts the typical regulation of diurnal cortisol production, with children exposed to early life stressors tending to show blunted patterns of cortisol production across the day (Bernard et al., 2010; Bruce et al., 2009; Carlson et al., 1995; Gunnar & Vazquez, 2001 ). For example, Zalewski, Lengua, Kiff et al. (2012) found that income was positively associated with morning levels of cortisol in a sample of 3-year-old children; further, there was an indirect effect of cumulative family risk on blunted diurnal cortisol slope through maternal negativity. Similarly, Bernard et al. (2010) found that young children who remained with birth parents following involvement with child protective services had lower wake-up cortisol and higher bedtime cortisol than children living in foster care and children living with low-risk biological parents. These patterns of low/blunted cortisol (indicating hypoactivation of the HPA axis) may follow repeated or chronic hyper-activation earlier in development, reflecting a process of down-regulation (Fries, Hesse, Hellhammer, & Hellhammer, 2005; Miller, Chen, & Zhou, 2007) .
HPA Axis Functioning and Externalizing Behavior
A recent meta-analysis examined the association between basal levels of cortisol and externalizing behavior in childhood (Alink et al., 2008) . Although the combined effect size of this association was small, there was evidence of moderation by age. Specifically, for school age children (i.e., age 5 and above), lower basal cortisol was associated with higher externalizing behavior. In contrast, among children younger than 5 years of age, higher basal cortisol was associated with higher externalizing behavior (Alink et al., 2008) . One challenge of interpreting the results of this meta-analysis is that basal cortisol was assessed differently across studies (i.e., number of samples, timing of sample, location [home vs. lab] ). Additionally, the meta-analysis examined studies that reported average basal levels, rather than diurnal patterns, of cortisol production.
The Present Study
Although a number of studies have examined individual pathways from early risk to cortisol patterns or from cortisol patterns to externalizing behavior, few studies have tested these pathways simultaneously and modeled indirect effects. One exception is a recent study by Martin et al. (2014) , who examined associations between parenting quality, cortisol rhythms, and externalizing behavior during middle childhood. Findings suggested that poor parental monitoring predicted blunted diurnal cortisol rhythms, which, in turn, predicted heightened levels of externalizing behavior. This study provided support for the mediating role of diurnal cortisol rhythms in linking the quality of early care to later behavior problems.
In the present study, we aimed to examine whether diurnal cortisol dysregulation explained the association between early adversity and externalizing behavior in early childhood. Thus, we examined whether involvement with CPS and/or poverty (i.e., a continuous measure of income-to-needs ratio) predicted elevated externalizing behavior via an indirect effect through cortisol dysregulation (i.e., more blunted patterns from wake-up to bedtime).
METHODS

Participants
The full sample recruited for the study included 101 participants: 56 children involved with CPS and 45 children recruited from the community with no history of CPS involvement according to parent-report. Primary analyses included 94 of these children (CPS-referred: 53; low-risk comparison: 41) due to the exclusion of seven children whose parents did not provide saliva samples (six not completed/returned; one returned but with insufficient amounts of saliva for assay). Within the CPS-referred group, there were three sibling pairs (each with CPS involvement) and within the low-risk group there was one sibling pair; due to issues related to the nonindependence of these data, follow-up analyses were conducted randomly excluding one sibling from each pair. At the time of the present study, children ranged in age from 3.94 to 6.52 years old (M = 4.93, SD = .58).
The CPS-referred children were recruited from an ongoing longitudinal sample assessing the efficacy of an attachment-based intervention for infants who continue to live with their birth mothers following involvement with child protective services. Parents of CPS-referred children were referred to the study after enrollment in a city program intended to divert children from foster care. Records were not available for coding of maltreatment history, but when making referrals, caseworkers primarily noted concerns about neglect, as well as other issues such as homelessness, parent substance use, and domestic violence. Low-risk community comparison children (n = 45) were recruited to be of comparable race and similar ages to the CPS-referred sample. Descriptive statistics of demographic data separated by CPS-referred and low-risk comparison groups are presented in Table 1 .
As part of the larger longitudinal study, parents of children in the CPS-referred group had been randomly assigned to receive either an attachment-based intervention (n = 27; Attachment and Biobehavioral Catch-up; Dozier and the Infant Caregiver Project Lab, 2006) or a control intervention (n = 26). Given that examining intervention effectiveness was not the target question of the present report, the two intervention groups were collapsed into one group for primary analyses, with intervention group included as a covariate.
Procedure
At the time of the present study, CPS-referred children were already enrolled in the longitudinal study. They were invited to participate in the current study via phone calls and home visits during which procedures were described. The low-risk community comparison participants expressed interest by phone or email after being informed by varying recruitment sources, such as postings on a University website and fliers distributed at a University child care center and other community day care centers. The research staff initially contacted each family by phone, confirmed via parent report that children met criteria (i.e., in age range, lack of CPS involvement), provided information regarding the research protocol, and scheduled a home visit if the parent expressed interest. Home visits were identical for CPS-referred and low-risk comparison families. First, the researcher obtained consent from the parent and assent from the child. After obtaining consent, the researcher read questionnaires to the parent that assessed demographic/risk information and child behavior problems. The researcher also explained the procedure and provided the materials for collecting diurnal cortisol samples. At the home visit, additional assessments were conducted that were components of other studies (e.g., collection of other biological samples, completion of additional questionnaires). Parents received $75 for completion of the home visit, and $25 upon return of the cortisol samples.
Measures
Diurnal Cortisol-The researcher explained the procedure for collecting saliva samples in detail at the end of the home visit. Although most of the parents in the CPS-referred group had participated in cortisol assessments previously as part of the longitudinal study, instructions were still explained in detail. Parents were instructed to collect saliva samples from children at wake-up and bedtime across 3 consecutive days. Specifically, the researcher instructed parents to collect a wake-up sample each day immediately when the child woke up, before even getting out of bed if possible. Although the researcher emphasized the importance of collecting a sample as close to wake-up as possible, parents were told that sampling within the first 30 min of wake-up was acceptable. For the bedtime collection, parents were told to collect the sample as close to bedtime as possible. Parents collected saliva samples by putting the end of a dental cotton roll in the child's mouth. Flavored beverage crystals (only a few crystals) were provided to aide in sampling. Flavored crystals only minimally affect cortisol with being analyzed with radioimmunoassay (Gordon, Peloso, Auker, & Dozier, 2005; Talge, Donzella, Kryzer, Gierens, & Gunnar, 2005) . The parent was instructed to wet the cotton roll in the child's mouth, dip the cotton into a cup with the flavored crystals, and return the cotton back into the child's mouth until the cotton was soaking wet. Given their age, parents often reported that children took an active role in collecting the samples themselves, by holding the cotton swab, chewing on it, and dipping it into the flavored beverage crystals. Parents placed the cotton roll into a pre-labeled vial and Table 2 . To ensure guidelines were followed, a binder was given to the families with full sampling instructions (including directions and accompanying photographs). Research staff instructed parents to delay sampling if children were sick and to not have the child eat or drink anything or brush their teeth within the 30 min prior to sampling. Saliva samples were stored in a freezer at −20°C prior to assay procedures. Samples were assayed using a high-sensitivity salivary cortisol enzyme immunoassay kit (Salimetrics, LLC, State College, Pennsylvania). All samples from a child were assayed in duplicate on the same plate to minimize variability. Following procedures commonly used in previous studies (Fisher, Stoolmiller, Gunnar, & Burraston, 2007) , cortisol values that were implausible (>2.0) and those that fell 3 SDs above the mean were considered outliers and excluded from analyses. Of 564 possible samples (i.e., 94 participants with up to 6 samples each), 21 outliers were removed and 51 samples were missing due to an inadequate volume of saliva or because no sample was taken, representing 12.7% of the data. The majority of participants had all six samples included in analyses (n = 65; 69.1%), with others having five samples (n = 7; 7.4%), four samples, (n = 8; 8.5%), three samples (n = 9; 9.6%), two samples (n = 3; 3.2%), or one sample (n = 2; 2.1%) included. When separated by group, low-risk comparison children were missing 10.2% of possible samples, and CPS-referred children were missing 14.8% of possible samples. There were no significant group differences in number of total samples or in the likelihood of missing any particular sample.
Child Behavior Checklist-Parents completed the Child Behavior Checklist (CBCL/1.5-5; Achenbach & Rescorla, 2000) , a parent-report questionnaire of children's behavioral and emotional problems. At the home visit, the researcher read the questionnaire to the parent and recorded the responses. Reading the questionnaire was expected to minimize reporting errors associated with poor reading ability or difficulty understanding. The CBCL/1.5-5 includes 99 items that describe specific behavioral, emotional, and social problems that are seen in preschool children. Parents were instructed to rate each item as 0 = Not true, 1 = Somewhat or sometimes true, or 2 = Very true or often true of the child, based on their observations from the preceding two months. The CBCL is a widely used tool for measuring children's behavior problems, and has good psychometric properties (Achenbach & Rescorla, 2000) . Given our interest in externalizing behavior problems, we used the subscale for Externalizing Behavior (number of items in factor = 24), which demonstrated good internal reliability for this sample (Cronbach's α = .92).
Involvement With CPS and Income-To-Needs Ratio-Two risk factors were included as predictors in primary analyses. First, involvement with CPS reflected group membership and was based on whether the child was referred following CPS involvement (coded as 1) or recruited from the community with no history of CPS involvement according to parent-report (coded as 0). Second, we computed an income-to-needs ratio for each family based on the household income and federal standards for poverty level based on family size. Scores above 1 indicate that families are living above the poverty line, whereas scores below 1 indicated that families are living below the poverty line. The continuous variable was used in analyses (See Tab. 1 for descriptive statistics).
Data Analytic Approach
We used MPlus 7.11 (Muthen & Muthen, 1998 for primary analyses. The full model is depicted in Figure 1 . Wake-up and bedtime cortisol were defined as latent variables, each with three indicators (i.e., log-transformed cortisol values from Days 1, 2, and 3). Sample time was included as a time-varying covariate by regressing each observed cortisol sample variable on its respective time of sample collection (in hours since the average sample time of all participants). Residuals of observed cortisol indicators from the same days were allowed to correlate. Following procedures used previously, the pattern of diurnal cortisol change was modeled as a latent change score (Kertes, Gunnar, Madsen, & Long, 2008; McArdle & Hamagami, 2001) . By setting the regression pathways as depicted, the cortisol intercept reflects the average wake-up cortisol level, and the cortisol slope (i.e., latent change score) reflects the change in cortisol across the day (i.e., Bedtime-Wake-up). In order to examine whether diurnal cortisol explained the association between involvement with CPS and externalizing behavior and/or between income and externalizing behavior, the cortisol slope and standardized externalizing behavior score were regressed onto involvement with CPS (0 = low-risk comparison group, 1 = CPS-referred group) and the income-to-needs ratio, and the indirect effects of the pathways (i.e., CPS involvement/ income on externalizing behavior via cortisol slope) were estimated. Child age, gender, and intervention group were included as a covariate (reasons described below). The model was estimated using maximum likelihood estimation and absolute model fit was assessed with the χ 2 to df ratio (χ 2 /df), the root mean square error of approximation (RMSEA), the comparative fit index (CFI), and the Tucker-Lewis index (TLI).
RESULTS
Preliminary Analyses
Bivariate correlations for study variables are presented in Table 3 . We first examined whether groups (i.e., CPS-referred vs. low-risk comparison) differed on demographic characteristics. There was a significant association between group and income-to-needs ratio, with low-risk comparison parents having a higher income-to-needs ratio than CPSreferred parents, t (92) = 5.13, p <.001. There were no significant group differences in child age, t(92) = 1.66, p >.05, or minority group status (coded as 0 for non-minority, 1 for minority), χ 2 = 1.22, p >.05. There was a significant group difference in gender distribution, with a higher proportion of males to females in the CPS-referred group than the low-risk group, χ 2 = 4.49, p <.05. Given group differences in child gender, it was included as a covariate in analyses.
Before conducting primary analyses, we examined the direct association between each predictor (i.e., involvement with CPS and income-to-needs ratio) and externalizing behavior. Indeed, CPS-referred children demonstrated higher levels of externalizing behavior (sum of raw scores across externalizing items) than low-risk comparison children, t(92) = 3.03, p = .
003, 95%CI [1.95, 9.36]. CPS-referred children had an average Externalizing Behavior T score of 53.9 (SD = 11.55), whereas low-risk comparison children had an average Externalizing Behavior T score of 46.8 (SD = 10.46). On the CBCL, a T score above 70 is considered to fall in the clinical range (>98th percentile). Within the low-risk comparison group, one child (2.4%) scored in the clinical range. Within the CPS-referred group, six children (11.3%) scored in the clinical range. There was also a significant correlation between income-to-needs ratio and externalizing behavior, r = −.35, p = .001, with children with a higher income-to-needs ratio showing lower levels of externalizing behavior than children with a lower income-to-needs ratio. Given the association between involvement with CPS and income-to-needs ratio, we entered them simultaneously in primary analyses to examine each predictor's unique effect taking into account the other.
Among CPS-referred children, there was no effect of parenting intervention group on externalizing behavior, t(51) = .13, p >.05. Consistent with what has been reported previously for the larger randomized clinical trial (reference removed for peer review), intervention group had an effect on average log-transformed wakeup cortisol, t(51) = 3.34, p <.01, and on the average wake-up to bedtime change in cortisol computed as a simple difference score, t(51) = 2.03, p <.05. Specifically, children who received the ABC intervention showed higher wake-up cortisol, and a steeper decline in cortisol across the day. Thus, participation in the ABC intervention was included as a covariate in analyses, along with gender and child age.
Primary Analyses
The model fit statistics demonstrated good fit to the data. The relative χ 2 (i.e., ratio of χ 2 to degrees of freedom) fell in the 2-1 range, which indicates acceptable fit, χ 2 /df = 1.20 (Byrne, 1989; Carmines & McIver, 1981) . Similarly, the RMSEA = .05, CFI = .95, and TLI = .93 met criteria for good fit between the estimated model and observed data, based on respective cutoffs of ≤.08 (for RMSEA) and ≥.90 (for CFI and TLI) (Browne & Cudeck, 1993; Chen, Sousa, & West, 2005) . Figure 1 shows the model with unstandardized coefficients and significance levels, with detailed information about estimated parameters presented in Table 4 . Involvement with CPS (vs. lack of CPS involvement in low-risk comparison group) was associated with more blunted (i.e., less negative) cortisol slopes (b = .56, p <.001) (see Fig. 2 ). Income-to-needs ratio was inversely associated cortisol slopes (b = −.08, p = .002, such that children with lower income-to-needs ratios had more blunted cortisol slopes than children with higher income-to-needs ratios (see Fig. 2 ). Thus, each risk factor uniquely accounted for variance in cortisol slopes. Further, there was a positive association between cortisol slope and externalizing behavior (b = .91, p = .021), demonstrating that more blunted cortisol was associated with higher externalizing behavior; the positive coefficient indicated that as cortisol slopes became more blunted (i.e., less negative), externalizing behavior increased (see Fig. 3 ). Notably, the indirect effect of involvement with CPS on externalizing behavior through the diurnal cortisol slope was significant (b = .51, p = .013). The indirect effect of income-to-needs ratio on externalizing behavior through the diurnal cortisol slope was not significant (b = −.07, p = .064). When the cortisol slope was included, the direct effects of involvement with CPS and poverty on externalizing behavior were not statistically significant. Results for the indirect effects also held when we ran the model excluding one sibling from each of the four sibling pairs (for CPS involvement, b = .50, p = .035; for income-to-needs ratio, b = −.08, p = .063).
We further explored the association between each risk indicator and wake-up and bedtime cortisol levels, given that blunted cortisol patterns could have been driven by low wake-up levels, high bedtime levels, or both. Bivariate correlations suggested that the income-toneeds ratio was specifically related to bedtime cortisol only, whereas involvement with CPS was related to both wake-up and bedtime cortisol (see Tab. 3). However, these analyses did not control for the influence of the other risk factor. Thus, the full structural model allowed us to examine each predictor's association with the cortisol intercept, accounting for the other risk factor. Involvement with CPS was significantly associated with wake-up cortisol (b = −.39, p = .001), whereas income-to-needs ratio was not (b = −.001, p = .95). We reran the model after recentering the cortisol intercept to represent the bedtime cortisol level. Income-to-needs ratio was significantly association with bedtime cortisol (b = −.08, p = . 003), whereas involvement with CPS was not (b = .18, p = .12). Thus, although both risk predictors were associated with blunted diurnal cortisol patterns, it appears that they may have unique influences on wakeup versus bedtime samples.
There was significant variability in morning sampling time, which could have interfered with accurately capturing true morning cortisol levels (if sampling time reflected noncompliance, rather than a true late awakening). Our full model controlled for this variability by including sampling time as a covariate. However, we also wanted to address this potential issue of late morning sampling more directly. First, we conducted bivariate correlations between morning sample collection time and cortisol levels. Sampling time was not significantly correlated with morning cortisol levels on Day 1 (r = −.14, p >.05), Day 2 (r = −.12, p >.05), or Day 3 (r = −.11, p >.05). Second, we examined whether the findings from the full model held if samples collected more than 1 SD after the average morning sampling time were excluded from analyses. We excluded samples collected after 9:05 a.m. on Day 1 (n = 17), 9:17 a.m. on Day 2 (n = 18), and 9:12 a.m. on Day 3 (n = 16). Results for the indirect effects of risk factor on externalizing behavior through diurnal cortisol slope were similar when excluding these late morning samples (for involvement with CPS, b = .45, p = . 052; for income-to-needs ratio, b = −.07, p = .084).
DISCUSSION
We found that involvement with CPS had an indirect effect on externalizing behavior through blunted diurnal cortisol (i.e., a less steep cortisol decline across the day). Although poverty (i.e., income-to-needs ratio) was also associated with blunted cortisol rhythms, the indirect effect of poverty on externalizing behavior was nonsignificant. Our findings provide further support for neurobiological models of antisocial behavior (Susman, 2006; van Goozen, Fairchild, Snoek, & Harold, 2007) , by identifying cortisol dysregulation as a potential mechanism linking early adversity to externalizing behavior in early childhood.
The association between the early risk indicators studied here (i.e., history of involvement with CPS and poverty) and blunted cortisol may be a result of exposure to chronic stress or cumulative risk more broadly (Dowd, Simanek, & Aiello, 2009 ). In studies of cumulative risk, dichotomized risk indicators (e.g., composite of risk indicators such as maternal depression, single parent status, low parent education) are added together to create one score, which is often found to be a stronger predictor of problematic outcomes than any particular risk factor alone (Sameroff, Seifer, Zax, & Barocas, 1987; Slopen, Koenen, & Kubzansky, 2014) . In line with a cumulative risk model, Zalewski, Lengua, Kiff et al. (2012) found trend-level evidence of an indirect effect of low income predicting low morning cortisol through cumulative risk exposure in early childhood. These findings of disrupted HPA axis functioning as a result of cumulative risk may reflect "allostatic load," which refers to the physiological toll resulting from an overload of stressful experiences (McEwen, 2004) . Poor parenting quality may be another mechanism by which poverty or involvement with CPS is linked to cortisol dysregulation. In early childhood, low maternal sensitivity (e.g., low warmth, lack of responsiveness, intrusiveness, negativity) has been found to predict low morning cortisol and blunted diurnal patterns (Pendry & Adam, 2007; Roisman et al., 2009; Zalewski, Lengua, Kiff et al., 2012) . In future research exploring links between early adversity and cortisol dysregulation, it will be useful to examine exposure to chronic stress (i.e., cumulative risk) as well as adverse caregiving as possible mechanisms.
The present study included a subset of children from a randomized clinical trial of a parenting intervention that aimed to enhance sensitivity among CPS-involved families. Although the parenting intervention demonstrated positive effects on cortisol regulation (i.e., higher wake-up cortisol and steeper decline) compared to a control condition, the parenting intervention did not influence children's externalizing behavior. The reason for this null finding is unclear. In future studies, it will be important to examine whether the ABC intervention demonstrates effects on children's externalizing behavior using the full sample, at other time-points (e.g., school-age assessments), and using other measures (e.g., observational assessments). If there are indeed effects of ABC on externalizing behavior, it will be important to examine whether changes to specific parenting behaviors (e.g., nurturance, following the lead) mediate any associations between ABC and externalizing behavior, and whether other factors moderate the effectiveness of ABC on reducing externalizing behavior. Such analyses, whether significant or nonsignificant, may further inform our understanding of the pathways examined in the present study.
There are multiple possibilities about why blunted cortisol may be associated with externalizing behavior. Susman (2006) described a psychobiological model of persistent antisocial behavior, proposing that stress in early development leads to an attenuation of physiological reactivity resulting in low basal cortisol levels, in addition to disruptions to other neurobiological systems. Due to low levels of physiological arousal, children with low cortisol may seek out stimulation and may be relatively unresponsive to the negative consequences of acting out (Alink et al., 2008; Gunnar & Vazquez, 2001; Heim, Ehlert, & Hellhammer, 2000; Shirtcliff, Granger, Booth, & Johnson, 2005; Zuckerman, 1979) . Additionally, cortisol dysregulation may negatively impact developing brain regions that are critical in self-regulation and executive functioning. found that low cortisol was associated with lower effortful control (i.e., the ability to inhibit a dominant response). Effortful control engages the prefrontal cortex, an area of the brain known to be affected by early life stress through chronic activation of the HPA axis (Teicher et al., 2003; van Harmelen et al., 2010) . It is important to keep in mind that there are likely bidirectional associations between biology and behavior, such that cortisol dysregulation and behavioral dysregulation mutually influence each other across development. For example, children's behavior problems in early childhood have been found to elicit more insensitive parenting (Wang, Christ, Mills-Koonce, Garrett-Peterss, & Cox, 2013) . Thus, children with externalizing behavior problems may provoke responses from their environments (e.g., parents, teachers, peers) that further interfere with physiological regulation. Several limitations should be noted when interpreting the results of our study. First, cortisol measurements and externalizing behavior were measured concurrently. A better test of mediation would involve measuring cortisol dysregulation prior to the outcome assessment of problem behavior. Even better, a longitudinal design with cortisol and behavior measured across multiple time points would further allow for examining the direction of effects, such as whether changes to biology proceed changes to behavior or vice versa. We expect that biological regulation and behavioral control develop together over time, and are further shaped by environmental factors (e.g., stress, parenting). Second, we had limited information about the reasons that children in the CPS-referred group were identified by child protective services. Given that we lacked detailed histories, we were unable to examine more nuanced questions about the associations between specific early adverse experiences (e.g., type of maltreatment, substance exposure) and the measured outcomes. Additionally, we relied on parent-report to confirm lack of involvement with CPS for the comparison sample; we did not have objective information (e.g., check of CPS records) to ensure the accuracy of their report. Third, we relied on a parent-report measure of externalizing behavior, which is potentially problematic given that parents from clinical samples (e.g., abusive single-parent families) may be more biased in their reporting on child behavior problems than low-risk parents (Glaser, Kronsnoble, & Forkner, 1997) . Future studies could benefit from the inclusion of observational measures of disruptive behavior as well as teacher reports; additionally, examining these associations in a clinical population (i.e., children referred for behavior problems) would further extend the conclusions we can draw. Additionally, externalizing behavior was relatively low in general in our sample. It is possible that effects would be stronger in a clinical sample of children. Regardless, our findings suggest that even variability in externalizing behavior within the typical range relates to risk factors and dysregulation HPA axis functioning in expected ways.
Finally, there were several limitations with regard to the procedures for salivary sampling that should be noted. First, we only included parent-reported sampling time as a covariate for cortisol values in analyses. Thus, we did not account for variability in actual wake time (which could have been best assessed objectively via actigraphy) nor in the latency from waking to sample collection. Both wake-up time and latency to sampling have been shown to influence cortisol levels (Dockray, Bhattacharyya, Molloy, & Steptoe, 2008; Edwards, Evans, Hucklebridge, & Chow, 2001 ). Second, we did not use electronic monitoring devices of parent compliance in order to ensure that atypical cortisol levels were not an artifact of poor compliance (Kudielka, Broderick, & Kirschbaum, 2003) . Although we used multiple aids to help with parents follow the procedures (e.g., instructions with photos, diary with questions and reminders about illness and eating/drinking), we did not control for a number of potential variables that can influence cortisol levels, such as child care attendance on sampling days, medication use, or quality of sleep.
Despite these limitations, our study adds to the literature regarding the effects of early adversity on externalizing behavior through physiological dysregulation. Given that childhood adversity is associated with long-term mental and physical health problems (Heim, Shugard, Craighead, & Nemeroff, 2010) , we consider the identification of early risk indicators, such as cortisol dysregulation, to be a critical step for the field. Identifying associations between physiological and behavioral dysregulation in early childhood may help to appropriately target prevention and intervention efforts for high-risk children. Diurnal cortisol slopes (plotted using average log-transformed wake-up [AM] cortisol values and average log-transformed bedtime [PM] cortisol values) for CPS-referred children and low-risk comparison children with no history of CPS involvement. Low-risk comparison children are further split into groups based on income-to-needs ratios less than 1 and greater than 1. Association between diurnal cortisol slopes (plotted using a simple difference score between average log-transformed wake-up [AM] cortisol values and average log-transformed bedtime [PM] cortisol values) and CBCL externalizing behavior scores. For diurnal change in cortisol, values less than 0 indicate a decline in cortisol across the day, whereas values greater than 0 indicate a rise in cortisol across the day. .004
